GLIRHA 1@? EIJIHG FORESTRY, Eﬂﬂg}ﬁm

SR B ESAN TR I . TR TR

7 RE BB L RAR

Influence of radial gradient structure on moisture absorption of Phyllostachys edulis : moisture absorption-swelling
behavior

Wan Chenqi, Zhou Mengjia, Ma Erni

AR

TIRBE, A, DRUE. BATR MBS R 52 m 1T MR RRAKA T[], dEsi Rl K224, 2025, 47(11):167-174.
doi: 10.12171/j.1000-1522.20250204

Wan Chenqi, Zhou Mengjia, Ma Erni. Influence of radial gradient structure on moisture absorption of Phyllostachys edulis 1I :
moisture absorption—swelling behavior[J]. Journal of Beijing Forestry University, 2025, 47(11):167-174. doi: 10.12171/j.1000—
1522.20250204

TEZR R View online: https://doi.org/10.12171/5.1000-1522.20250204

LT ARG I H A SO B

Articles you may be interested in

SACEHR AL TR AR FATAAE A ROST RS RE MEFIAL TR REFE 19 521

Effects of zinc chloride impregnation treatment on dimensional stability and energy consumption of heat—treated Mongolian scots pine

UMY K 2E24 4, 2024, 46(2): 123-131. hitps:/doi.org/10.12171/.1000-1522.20230244
BT SR AU MR

Tensile and bending properties of radial slivers of Moso bamboo

JEEtAll R 242447, 2022, 44(3): 140-147.  https://doi.org/10.12171/j.1000-1522.20210333
BB J57 2% 5 8 S A SR D A IR TR 7L i 2 TC oMl A= 5 4 1) RO R e P

Dimensional stability of fast—growing Populus cathayana modified with the compound of alkali lignin and hyperbranched polyacrylate

emulsion

et K247, 2021, 43(11): 118-127.  hitps:/doi.org/10.12171/j.1000-1522.20210268
EATAS IR 3 P A AL 27 A AR E PR

Chemical composition and thermal stability of cells in different structures of Phyllostachys edulis

sl K2 A4 47, 2023, 45(8): 156-162.  hitps://doi.org/10.12171/.1000-1522.20230104
DA 3R A T A R A s 1y RO e

Dimensional stability of Scots pine modified by in—situ polymerization esterification

JEsTRRlL K22, 2022, 44(3): 129139, https://doi.org/10.12171/1.1000-1522.20210271
PrRFAEXTFR S AT 00 25 AL A RE A R

Influence of asymmetric bending behavior of bamhoo on performance of curved components

sl K2 A4 47, 2025, 47(4): 168-176.  hitps:/doi.org/10.12171/§.1000-1522.20240360


http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250204
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230244
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210333
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210268
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230104
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210271
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20240360

4T HBE 11 d = & I kX F % K Vol. 47, No. 11
2025 4E 11 A JOURNAL OF BEIJING FORESTRY UNIVERSITY Nov., 2025

DOI:10.12171/5.1000—-1522.20250204

EMRREEESENBERRRM I BRE—RAKIT A

FRE A E HRR

GBSO R 2R R R 22 S5 BOR 220, AR A2 5 TR LTI S8 =, JE5T 100083)

FEEE: (B B9 1VTRF (KW T 51 R FR P A0 0 2 R ot JEG 5 BT TR £ S B, AR A T 428 [ s 45 g F W — Y AR AL
AR B o A, AR FE LT AR G, LU FIAH IR (RED 254 77 000 22477 280 00 76 W~ 4885 25 AR i 7% v 1
IKGF—RTEMA AT, & LS8 7T BEAR (R 6 B G5 MR R — R AT I IR o (755 PR B ATV AT B AR 100 R 3 9 AT 75 7
THES ST 3 AN Sy, He T AR AR AR BN BOR AL BE L A58 o 7E 11%. 33%- 57%- 84% FI 97% iX 5 MARXHREE T, W52
B ALAE O I R AP A A KR 5 RSP A8k . 3 — P R B Hailwood-Horrobin(H-H) 318 i B W & 25 R £k, IF
iz H Parallel Exponential Kinetics( PEK )% 5 F A W 38 3)) /) 23 72, ) BE 23 A1 AS [R] 58 A7 VB8 K AT 9 19 22 7t 5 304
(ERIVBER T RGN, SR BATE M (34.13 +0.84)% BT # M (15.87 £ 0.12)% ZEES . EA
WA T RIS 2, P &K R (EMORILEATE M < A7rh 8 < 473 BBE BERRAE, TRAKSR I ZIATHEM > 17
S > TR A SO S, 24 RH > 57% B, KR ZEFENEE . IERIRE Y, 24 RH < 57% B, YT 7ER IS I 1)
W, Y330 8 I 3 e T AT R O, AR S, 3 I o 7t B R 1T 24 RH > 57% B, RS [R) o7 B8 72 MR TR 0 300 A R S SRt 1 — 8, AT
FHMU LRI T I R IRIK R . [E558 1B 17 IR I O 5 56 R I F2 R 384T 1 R AL Bt A4, L AR R T
BT B ZE 4T 55 D5 38 M A AR AR S L, e o T AT RN BT 0 B ORI DR AR R v “S5 I miR s 07 i
PERRFIE . B TCHRIR T TR BE S5 A0 PR — R KRS S A7 0 00 2 LI, BT T4 A OCH B T4 34 R~ e A it i
BE—BRER, WA DMT R DI RERE FEAT S A B S M AL Be TR B ROk .

KR BT AKPATEMR L A2 1R LA ) s 2T AEARAR 2344 P& /K %2 (EMC); Hailwood-Horrobin(H-H)#18; Parallel
Exponential Kinetics(PEKO#ER; ThEEREFEA R R~ Fae v

HEZHKS: S781.33;S781.62  XHAAREM: A XEHS: 1000-1522(2025)11-0167-08

It THRBL A, DIRYE. BT FIEE RGN R K S 1T R IKAT A (30, A sl Ko 244, 2025,
47(11): 167-174. Wan Chenqi, Zhou Mengjia, Ma Erni. Influence of radial gradient structure on moisture absorption of
Phyllostachys edulis 11: moisture absorption-swelling behavior[J]. Journal of Beijing Forestry University, 2025, 47(11):
167-174.

Influence of radial gradient structure on moisture absorption of Phyllostachys
edulis 1] : moisture absorption-swelling behavior

Wan Chenqi  Zhou Mengjia Ma Emi
(Beijing Key Laboratory of Wood Science and Engineering, School of Materials Science and Technology,
Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The hygroscopicity of bamboo and the resulting swelling pose significant constraints
on its high-value utilization. However, the mechanism underlying its moisture adsorption-swelling response
remains unexplained. To address this, the moisture and dimensional responses of bamboo from the bamboo
outer layer to the bamboo inner layer were investigated during adsorption process and at equilibrium state

under various relative humidity (RH) conditions, aiming to reveal the influence of radial gradient structure in
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culm wall on their adsorption-swelling behavior. [Method] The culm wall of moso bamboo (Phyllostachys
edulis) was radially divided into three sections: bamboo outer layer, bamboo middle layer, and bamboo inner
layer as the research objects, with fiber volume fraction serving as a quantitative indicator of its gradient
structure. Under five RHs, i.e. 11%, 33%, 57%, 84% and 97%, the moisture content and dimensional
changes of specimens from each section were recorded during adsorption process as well as at equilibrium
state. The sorption isotherms were further analyzed using the Hailwood-Horrobin (H-H) theory, and the
sorption kinetics were fitted with the Parallel Exponential Kinetics (PEK) model to compare the differences
in the moisture adsorption-swelling behavior among different radial positions. [Result] Moso bamboo
exhibited a distinct gradient structure along its radial direction, with the fiber volume fraction showing a
decreasing trend from the bamboo outer layer ((34.13 £ 0.84)%) to the bamboo inner layer ((15.87 +
0.12)%). Under the equilibrium state in this work, the equilibrium moisture content (EMC) demonstrated a
monotonous characteristic of bamboo outer layer < bamboo middle layer < bamboo inner layer, whereas the
swelling rate displayed an opposite tendency of bamboo outer layer > bamboo middle layer > bamboo inner
layer. These differences became more pronounced when the RH exceeded 57%. During the moisture
adsorption process, at RH < 57%, the bamboo inner layer exhibited a significantly higher sorption rate
during the initial stage compared with the bamboo outer layer, accompanied by a correspondingly faster
swelling response. In contrast, at RH > 57%, the initial sorption rate across different radial positions tended
to converge, while the bamboo outer layer consistently showed the highest swelling rate. [Conclusion] The
adsorption-swelling relationship of moso bamboo underwent phase transition during adsorption process.
This transition originated from the increasing fiber volume fraction from the bamboo inner layer to the
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bamboo outer layer, which determined the characteristic transition from “ strong adsorption and rapid
swelling response” to “weak adsorption and high swelling potential” across this gradient structure. This
study revealed the dominant mechanism of moso bamboo’s gradient structure in governing its adsorption-
swelling coupling behavior. The findings could not only contribute to further exploration in the stabilizing
modification for bamboo but also provide effective strategies for the structural optimization of novel
functionally graded bamboo composites.

Key words: moso bamboo (Phyllostachys edulis); moisture deformation response; radial gradient structure;
fiber volume fraction; equilibrium moisture content (EMC); Hailwood-Horrobin (H-H) theory; Parallel

Exponential Kinetics (PEK) model; functionally gradient material; dimensional stability
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Fig. 6 Sorption kinetics curves of samples from bamboo outer layer to bamboo inner layer at different relative humidities
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